Membranes
The components of COPI coats were initially identified when Golgi-derived vesicles were purified and characterized (Rothman, 1994) . A plethora of information has since been gathered on the mechanism by which COPI proteins associate with membranes and their role in the generation of transport vesicles (for reviews see Takizawa and Malhotra, 1993; Rothman, 1994) . Analysis of the yeast COPI subunits revealed that they are essential for survival and that inactivation of these proteins results in a rapid inhibition of secretion (Schekman, 1992 (Pearse and Robinson, 1990) . These transmembrane cargo proteins in turn recruit soluble ligands (such as lysosomal enzymes) into the budding vesicles. In the case of COPI, as described above, coat components help to incorporate cargo proteins containing the KKXX motif into retrograde Golgito-ER vesicles. A protein family has recently been identified whose members may aid in the selection of cargo proteins during the budding of both COPI and COPII vesicles (Schimmoller et al., 1995; Stamnes et al., 1995) . p24 (found in COPI vesicles) and Emp24p (found in COPII vesicles) are type I integral membrane proteins with short cytoplasmic tails. A loss of Emp24p in yeast causes a kinetic delay in ER-to-Golgi transport of a subset of secretory proteins. Proteins such as p24 and Emp24p might function as "receptors"for loading selective cargo of secretory proteins into COP-coated vesicles, but the question then arises, how are these receptors themselves recruited into the budding vesicles? Do they interact via their cytoplasmic tails with COPS? The demonstration by Mellman and colleagues that COPI subunits are found in different heterooligomeric complexes should provide an opportunity to test how variations in coat composition influences the choice of membrane, the recruitment of membrane receptors, and other aspects of vesicle biogenesis (Whitney et al., 1995) . Do Coat Proteins Induce Vesicle Budding? There is little doubt that coat proteins are necessary for vesicle formation, but are they sufficient? If so, then entire Golgi,cisternae should vesiculate when an excess of COPI is added together with ADP-ribosylation factor (ARF), a small GTPase that is essential for the binding of COPI to membranes. Isolated Golgi membranes do vesiculate extensively when incubated with COPI and ARF in the presence of the nonhydrolyzable GTP analog GTPyS (Rothman, 1994) . However, it is possible that overactivation of ARF under these conditions induces nonspecific vesiculation. In the intact cell, Golgi cisternae vesiculate completely during mitosis, but Warren and colleagues have shown that during mitotic Golgi breakdown only the rims of the cisternae vesiculate by a COPI-dependent pathway, whereas the remaining tubuloreticular network of Golgi membranes vesiculates by a COPI-independent process (Misteli et al., 1995) . From these data it is not evident whether COPI induces Golgi vesiculation or whether the COPI coat has a secondary function in vesicular transport.
To phrase this question anotherway, does the oligomerization of coat protein subunits provide the driving force for the membrane deformation that occurs during vesicle budding? The best evidence in favor of this idea comes from studies in which COPI vesicle formation was reconstituted using purified Golgi membranes (Rothman, 1994) . Electron microscopy revealed that Golgi membranes remain flat when incubated with a mixture of ARF, GTPyS, and ATP and that further addition of purified COPI results in the formation of coated membrane buds. These observations are compelling, and it is difficult to deny a role for coat proteins in promoting vesicle formation. Why then should one question whether COPS are doing the job they are getting credit for? A major point that cannot be ignored is that COPI requires the presence of ARF on the membranes before budding can begin. ARF is also required for the budding of clathrin-coated vesicles from the TGN (Rothman, l994) .
COPII vesicle formation depends upon a related GTPase called Sari p (Barlowe et al., 1994) . Interestingly, ARF has been shown to activate phospholipase D, which converts phosphatidylcholine in the membranes into phosphatidic acid and choline. Other connections between lipid metabolism and vesicular transport have recently become apparent (Kahn et al., 1993; Liscovitch and Cantley, 1995) . For example, Secl4p is essential for yeast Golgi secretory function, and this protein is apparently involved in maintaining an appropriate phosphatidylcholinelphosphatidylinositol ratio in the Golgi membranes (Cleeves et al., 1991) . There is evidence that phosphatidylinositol 3-kinases play a role in the packaging of proteins into TGN-derived transport vesicles for delivery to the yeast vacuole (Liscovitch and Cantley, 1995) . Taken together, these observations suggest that negatively charged phospholipids are somehow involved in vesicle biogenesis. One possibility is that a high local concentration of negatively charged lipids (or the size/shape: wedgelike phosphatidylinositide or cylinder-like phosphatidylcholine; Singer and Oster, 1992 ) is sufficient to induce membrane curvature, i.e., budding. Although uncoated buds have not been observed in electron micrographs of Golgi membranes that are undergoing vesiculation in vitro, such buds could have been overlooked owing to a lack of any redeeming features (such as a fuzzy coat). Alternatively, uncoated buds might have a short half-life because of the diffusion or metabolic consumption of phasphatidic acid and polyphosphoinositides.
In this scenario, the recruitment of coat proteins to newly formed buds would stabilize the buds, but the formation of coat protein oligomers would not be the driving force behind budding. A variation of this idea is that cytosolic coats might induce budding indirectly, by concentrating negatively charged lipids in a confined region of the membrane.
While the idea that negatively charged lipids cause budding is attractive, it is important to emphasize alternative interpretations of the data (Kahn et al., 1993; Liscovitch and Cantley, 1995) . The precise biochemical function of Secl4p is still uncertain. The plot thickens even further when one considers that phosphatidic acid and polyphosphoinositides affect the kinetics of guanine nucleotide exchange and GTP hydrolysis by ARF (for review see Liscovitch and Cantley, 1995) . Phosphoinositide metabolism has also been implicated in the regulation of secretory vesicle transport, fusion with the plasma membrane, or both (Hay et al., 1995) . There are clearly a number of possible functions for both coat proteins and lipids in vesicle formation, but based on the information available, it is difficult to reach a verdict on their exact role. Is Vesicle Formation Regulated? One might predict that the accumulation of cargo proteins would serve as a signal for vesicle production. However, this notion cannot be entirely correct because treatment of cells with cycloheximide does not prevent COPI vesicle formation from Golgi membranes or COPII vesicle formation from the ER (Orci et al., 1986; Yeung et al., 1995) . What, then, turns a flat planar membrane "on" to start producing a vesicle? While the exact signal is unknown, potential components of a signaling pathway have been identified. In the case of COPII vesicle formation from the yeast ER, Secl2p acts as a guanine nucleotide exchange factor that loads Sarlp in the GTP-bound form onto the ER membrane (Schekman, 1992) . The Secl3plSec31 p and Sec23plSec24p complexes then assemble into the COPII coat (Schekman, 1992; Barlowe et al., 1994) . Kaiser and colleagues have now brought two new players into this picture, Secl6p and Sed4p . Secl6p appears to act as a docking protein for COPII coat assembly. Secl6p binds to Sec23p, which in turn stimulates the GTPase activity of Sarl p. Like Secl2p, Sed4p may promote guanine nucleotide exchange on Sarl p. Thus, the circle of friends involved in COPII vesicle formation is widening. The suggested role for Sed4p as a guanine nucleotide exchange factor is based entirely on homology with Secl2p, and it is not obvious why two different exchange proteins would be needed. This situation is reminiscent of the two subtypes of COPI coats found on membranes of the Golgi and endosomes. It may be that there is also more than one class of ER-derived COPII vesicle.
The interactions of coat proteins with one another and with the small GTPases ARF and Sarl p ensure that the production of individual vesicles is a coordinated process, but what prevents an organelle from producing too few or too many vesicles? One possibility is that specific steps of the coat assembly pathways are subject to regulation. Heterotrimeric G proteins may be involved in sensing the rate of membrane traffic and transmitting regulatory signals. Alternatively, the components needed forvesicle production might be incorporated into outgoing vesicles and returned in recycling vesicles so that vesicular traffic in one direction could never be faster than traffic in the reverse direction. Whatever the mechanism, when the regulatory system for vesicle production is circumvented, either artificially by adding GTP+ or naturally during mitosis, the balance of membrane traffic is disrupted and organelles such as the Golgi can vesiculate completely.
After emphasizing so many uncertainties, it is important to note that the prospects for clarifying these issues are actually quite good. Enthusiasts are constantly introducing new players and new concepts to help us understand vesicle formation. One shouldn't be too surprised or touchy about the controversies in this field as it is still relatively young and alive. In the meantime, respect your local COPS because we definitely can't get along without them.
